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FOREWORD

Ek%his report is provided as input for the overall Department of De-
fense net assessment study of U.S. and Soviet tank crew training. It
will be incorporated into Chapter 2 of the MASSTER report "Assessment
of Tank Crew Training" as Section 2-3b(4). To facilitate incorporation
without additional revisions, the paragraphs and figures have been num-
bered as they will appear in the final MASSTER reporte(e.g., the first
figure in this report is designated as Figure 2-13, ther than Figure 1,
since it will be the thirteenth figure of Chapte in the MASSTER re-
port; the first paragraph is designated 2- since that will be its
corresponding paragraph number i SSTER report). Sengc ofthe—me=

¥ act
DAHE 303 5wCog® T, his report consists of a description of the experi-
mental crews in terms of their overall gunnery qualification scores, and
a presentation of the analyses of company tank crew data across a vari-
ety of variableg using several different analytical methodologies.

\
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AN ANALYSIS OF COMPANY TANK CREW GUNNERY SCORES

BRIEF

Requirement:

This report was prepared in response to a request by the Training
Developments Branch of the Operations and Plans Division, HQ MASSTER,
Fort Hood, Texas. The research was designed to fulfill a requirement
for the collection, analysis and reporting of tank crew gunnery score
data. The research was required as input to the TRADOC report Net
Assessment of U.S. and Soviet Tank Crew Training. The objective was to
provide an initial tank crew training data base and an analysis of this
data base to provide information relating to differences in gunnery per-

formance as a function of company effects when training was held constant.

Procedure:

Tank crews of three companies of a 1st Cavalry Division M60A1 tank
battalion received a standardized gunnery training program. Table VIII
gunnery data for these tank crews was then collected. Main gun gunnery
scores were compared (analysis of variance) for the tank companies for
both day and night firings, and for both number of hits and firing times
required. '

Principal Findings:

o Companies receiving standardized gunnery training programs dif-
fered significantly (p < .01) from each other in mean number of targets
hit by tank crews on Table VIII qualification firings.

"o Companies receiving standardized gunnery training programs dif-
- fered significantly (p < .001) from each other in tank crew mean firing
times on Table VIII qualification firings.

e When tank crew gunnery training was standardized and held
constant across companies, the mean tank crew gunnery performance of
companies differed significantly from each other as a function nf company
effects. The precise nature of these effects is not known and should
be the basis for further research.

Utilization of Findings:
These findings will be incorporated into the TRADOC report Net

Assessment of U.S. and Soviet Tank Crew Training and will be used as a
basis for the design of follow-on research.




AN ANALYSIS OF COMPANY TANK CREW GUNNERY SCORES

*2-3b(4) A profile by average score and points lost is shown in figure

2-13. The average scores are for the 53 tank crews who completed both day
and night qualification firing; one crew was disqualified during the day
run and the partial score was not included in'a11 subsequent analyses. For
the test battalion, 41 crews qualified (21 distinguished) and 13 crews were
unqualified, based upon the total scores of both day and night, as the
criterion for qualification, only 25 crews qualified (21 distinguished)
and 29 crews were unqualified. Of those crews failing to qualify under
this criterion, 75.86 percent were unqualified on VIII A and 51.72 percent
were unqualified on VIII B. Only 8 crews failed to qualify for both day
and nith qualification tables. Within the batfa]ion, there was little
correlation between day and night scores (r =.35), and high correlation
(as expected) between day and total scores (r =.77) and night and total
scores (r =.87). This analysis indicates that for this unit, the night
scores were a better indicator of each individual crew's overall per-
formance. The average points lost reflect the increased importance

placed by the battalion on speed and accuracy for all engagements. The
total points received versus a time scale for all main gun and machinegun
engagements, day and night, is shown in figure 2-14. The increased
allowable times for night engagements significantly lowered the average
points cut (-51 percent), whereas accuracy and crew duty points Tost
remained stable or had minimal effect on total scores. The profiles

*For explanation of paragraph numbering rationale in this report, see
FOREW RD.
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/ Average
Score points lost
Max Min Averaqe Time Accuracy Crew Dutv
T01AL  (1200) (840) (510) (550) (140)
Bn 923 -9 176 10 3
A 992 66 130 .- 12 i
B . 828 . 108 254 10 I
c 933 - 107 151 9 i
H 1040 40 116 e e '
Top 6 tanks .ms . - 24 52 ] 6
Bottom 6 tanks © 662 193 319 26 - h
Doy {550) (385) : (230) (250) © (70)
Bn - . 400 S 61 87 e
A 440 40 - © 68 2
B 340 72 135 3 i
C ‘ 417 PR RO 58 2
[ | e A 429 40 81 0 i
Top 6 tanks 499 . 19 ; 31 1
Bottom 6 tanks 216 = - 105 165 4
Night (650)  (455) e k. ... {280) {300) o (70) )
Bn 523 30 89 - 8 ' ?
A 2 2 & e eh2e . 26 62 -10 1
B ; 488 e 36 ‘N9 7 :
c p S G ESEE 34 Lo 193 7
H SR 61 : 0 35 4
Top 6 tanks . 619 5° 21 ; 5
- Bottom 6 tanks . -. 386 L .. 88 : 154 ° 22

Figure 2-13 (U). Profile by average score and points lost (U).
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POINT/ARLA MG : SUPPRLS>101 MG
20 Point Scale 10 Point Scale
{Right) 10 ~ = - = = = 15 - seconds - - 20 (Night) 10 - - = = = = =15 - seconds - - 20
(Day) 5----=mm=-==-- 10-ecmenmanancene 15 (Ddy) 5----eoremomeee 10--ccecmnnceeae 15
e Na i LEAARER S
ll91817lsl 12 9 6 3 | 9 8 £ @2
20---mmmememee 15--~points------- 0 0--~--- e 7----pointe------
Battle sight Day (Wight) :
8 w 45 - 0 POINTS
r 78 76 74 72 ' 65 60 55 50 l 40 30 20 10
6 ¢ 0 ¢ ' N 12 13 14 l 1617 18 19
(Day) 5 10 15 20 - SECO:/DS
(Hight)10 - = = ~ = = = = - L i - 25
Frecision.ingagement Day (iignht) :
80 70 50 30 0 PTS
78 76 74 72 6662 58 54 ' 46 42 38 34 ‘ 24 18 12 6
T 12 13 14 161716 19 l 2 3 A I 26 ¢ 28 29
(pay) 10 15 20 ° : % . 30 SEC
~(Night)15 20 : 25 30 ; 35

Figure 2-14 (U). Points versus time scale used during tank gunnery qualification firing (U)




1 2 3 4 5 6 7 8 9 Tota) Total {
- (w/0_exercise
possible 50 100 100 50 S0 (100) 100 S0 50 650 550
% 48 55 68 46 47 (21) 40 47 48 420 399
E’ A .47 63 83 44 48 (20) 5S4 S0 47 469 44)
t . B 48 42 36 A5 46 (22) 29 47 49 354 342 b
: ¢ 50 53 79 47 49 (14) 45 45 49 a3 a7
H 44 100 86 50 50 (8) © 50 49 447 429
Top 6 Tanks 47 77 94 46 50 (68) 76 50 46 554 485
Bottom 6 46 15 18 43 49 (o) 20 . 49 46 286 286
Tanks .

w/o cxercise 6 Day (4 of the original 6 tanks in each group changed)

Yop 6 Tanks 48 72 94 ~ 45 48 - 94 50 49 500
Bottom 6
Tanks 47 18 2 43 49 - 28 44 46 2717
Figure 2-15 (U). Profile by firing exercise (day) (U). . . j
1 2 3 4 5 6 7 8 9 Total
Possible 50 100 100 109 50 SO 100 50 50 650 :
Bn 48 81 81 71 47 48 51 47. 48 522 .
A 48 90 88 74 44 47 - 69 46 45 551
B 48 66 75 60 48 49 45 48 49 488
(> 48 .85 80 75. 49 48 35 46 49 515
H 43 99 87 100 SO 50 8 47 50 611 § 1
Top 6 Tanks 50 100 97 90 49 48 97 . 50 44 . 625
Bottom 6
Tanks 48 30 62 37 38 42 18 46 39 360
w/o exercise 6 Day (4 of the original 6 tanks in each group changed)
Top 6 Tanks 50 100 93 89 49 48 93 S50 47 619 ] ' r
Bottom 6 =
Tanks 47 57 68 ‘}.'l 40 43 10 a7 & 367

Figure 2-16 (U). Profile by firing exercise (night) (v).




of average scores by firing exercises, both day and night, are reflected

in Figure 2-15 and 2-16, respectively. The main gun targets had the
greatest impact on total scores. During day qualification, an average of
54.3 percent of the total possible main gun target points were received on
exercises 2, 3, and 7; while at night, an average of 71 percent of the
total possible main gun target points were received on exercises 2, 3, 4,
and 7. For all machinegun targets, average of 94.4 percent of the day

and 95.2 percent of the night total possible points were received.
Additional statistical analysis of gunnery data for the test battalion is
discussed in detail as follows:

(a) The company tank crew gunnery scores for the subcaliber targets

and main gun targets 2, 3, and 7 were analyzed in an analysis of variance.

The moving target engagements (exercise 6 day and 4 night) were exc]udea
from this analysis. A summary of the results are presented in Figure 2-17.
The main effect (difference between companies) was statistically significant
[F(2, 48)
[F(1, 48)

7.83, p < .01;]. The main effect of Table VIII was also significant

15.52, p < .001], while the interaction effect of companies and
Table VIII was not significant. A Tukey's (HSD) Test of the difference
between companies indicated that gunnery scores for Compary B, 767, were
significantly Jess (p < .01) than gunnery scores for both Company A, 917,
and Company C, 859. These scores are presented in Figure 2-18. The

Table VIII gunnery scores for Companies A, B, and C for Table VIIT B, 449,
were significantly greater than their gunnery scores for Table VIII A, 399.

(b) A summary of the analysis of variance for hits on main gun targets

for tank crews is presented in Figure 2-19. The results indicate that the main

effects of companies F(2, 48) = 3.40, p < .05, and Table VIII F(2, 48) = 61.10,




e i \
~ v

*(n) (£ pue ‘g 2 s3abaey unb ulew pue J49qLeaqns) S3402§ »uw:c:m.mo muccwgm> 340 me%—mc< .A:v /1-2 24nbt4

: . : : quedLitubLs 30U 4 #
8LL*Y B G99*L61 (40443) sdnoss |-

- : | : ULYILM SM3UD jue} X @

.omowm 0 et Z 09L‘8L - IIIA alqel X satuedwo)-gy
gO6EY: . BpETEet v | I1IA 31qe1-9 M
S | i 18 - Sz SMRX) jURL UGN _
gy L o me o Y e (40433) sdno6 .M

R P 3 C : ULyl tm sSMaud yuejl

11 e . sajueduc)-y

. . 0S5 o _ me.mmm ; , m}m;u jue] uasmyag

S . o0 . . ... SS — S0UBLAPA JO 954705




- y |
“(n) 10°> d “€8°L = (8b ‘2) L0°4 393343 utey saruedwod *(n) 8l-2 a4nbig i . .
satuedwo)y - . . :
J g Y
: i g 0 n
.. LR 00% ol O] e r
: 00§ .
! : e s
- " : . el - 400§ = -
009 ! ~ Aasuung ¢ -
. ... °beaaay
i 00L
: ._ joos
006
~ i v . ga- Sgas . : g v .. OOOGF




*(n) £ pue ‘g 40 ¢ ‘g ‘Z s3abue] UND ULRW UO SILY JO JIQUNU [©F0} SO IJUBLURA 3O mwmapcc< *(n) 61-Z s4nbL4

0L £9E 1m0l
juedtstubls jou
#09°L 8y o (40443) sdnoub
ULYILM SM3UD juel X g
*SN 8L°2 005°€ 2 g " IIIA 21qeL X S3iuedwod-gy
190> 0L°19 00086 L A I11A 21qe1-g
I 28l ) SRoI) YUEL UIWILA
8€6°2 8% Lt . (40443) sdnoab
. & ULYILM SM3UD yue)
0*> ov°e 000°0L 2 e s3tuedwog-y
05 191 SM9A) juel USoM3og
d d SW 3P 5§ 9oUBLJIR2A JO 324Nn0S




P < .001, were statistically significant, while the interaction effect of

companies and Table VIII was not 51gn1f1cant A Tukey's (HSD) Test of

the companies' main effect indicated that the average number of main gun

target hits for the tank crews(in Comoany B, which was 8.71, was significant1y
less, p <:.ul, than tihe average number of hits for the tank crews in

Company A, which was 10.82. A total possible score was 16. The company
scores are presented graphically in figure 2-20. The main effect for

Table VIII indicatedifhat the average number of main éun hits for each

tank crew on Table VIII B (nlght), which was 5.86, was significant]y. _
greater than the average number of hItS obta1ned on Table VIII A (day),

which was 3.90.

(c) The amount of mutual interrelationship between gunnery: scores

and number of main gunltarget hit;‘(accuracy Score) was estimated by

computing the coefficient of correlation between the scores of the two
variables. The résuIts produced a value of r=0.8446 which is a highly
positive corre]ation‘tnaf'Is stafIsticall; sionificanf at the .007 tevel
of confidence. The coefficient of determination r2 = 0.7133 indicates
that 71 percent of the gunnery score is determined by the vaIue of the
corresponding target accuracy score. Thus the two scores are h\gh]y
similar and seem to be equivalent measures of the same performance. B

graphic illustration of the correlation is presented in figure 2-21.

The regression line in f\gure 2-21 shows that a small gunnery score will

be associated with a small accuracy score wh1]e a large gunnery score

will be assoc1atcd with a large accuracy score. ) -

(d) The firing times on the main gun targets 2, 3, and 7 for the

company tank crews werc calculated and analyzed as follows. The firing
B . |
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1300

1250

1200

1150

1100

e S DTl i o

1050 L

1000

Average total gunnery scores

N = 50 tank crews

800 ¢+

750

700

X § 6 7 8 4 W W ® B B B %
Total number of target hits on Table VIII (A and 8)

Figure 2-21 (U). Correlation between total number of main gun target hits on Table VIII
i (A and B) and total gunnery scores (r= .845, p«.001) (v). i




L

~

*(n) £ pue ‘¢ €2 s3abdey unbB-utew uo awly Butals jo adueluea jo stshjeny °(n) zz=-2 a4nbiy

2 95P 0€0°1T (2q) 40443
°S°N 1 82 2 S _spunox x
: IIIA 3lQel X satuedwo) - Jg¥
SN - 1 1 1 . Spunos X IIIA @1qel .- Je
62 - 8 “e1v () doaaz -
19°> S€°G ssT 2 ot€ Spuncd X satuedwoy - gy
105> b1°§ 665°T 1 . 665°1 spunoy - 3
be 8y 9y1°1 (Q) w043
s0°> £9°¢ L8 2 €41 I1IA 31QeL X saiuedwo) - gy
100"> 8¢9y E3i T EIT°1 I1IA B1qeL - §
: 198 0v8°91 SMI) juRL ULYIL
1€ 8y 20T (®) 40443
100°> LL°8 22 2 €95 saueduo) -
0s G102 SM34) jue] Usamiag
d 4 Sk 3P SS . @JURLJUBA J0O 32.N03
rllllplllll' o e s




time for the first round was.calculated by measuring the elapsed time
between the time at target identification and the time when the first
round was fired. The firing time for the second round was calculated by
measuring the elapsed time betweenvthe time when the first round was
fired and the time wher the sécond round was fired. The firing times
were analyzed in a three-factor ana]ysis:of1variancevmeasuring the .
effects of cor'n_panie_et Table VIII'(day versus.night), and rounds‘(ffrst ,
and seeonq) on averaée.riring time, Figure 2;22 nresente a summary of
the results. The resu]ts Jindicate tnat stat1st1cal1y s1gn1f1cant main
effects were companies F(2,48) 8.77, p < .001; Table VIII F(] 48)
461%8’ p<<.Q01; and rounds F(], 48) = 55:}4, p <:.00].‘;Statjst1ca11y

. significant interaction effects were cowpanies_ann Tan)e Viil F(2, 48) =
3.63, p .05 and companies and rounds F(Z 48) =AS 35 n < Mt ' The
overa]] mean (average) firing twnes for the conpan1es are presented in
figure 2-23(A).' A Tukey's (HSU) Test of tne companies main effect
indicated that;the mean firing times for Companles“A and C were significantly

faster than the meén ffring time for Company B.

(A) Compan1es

Company FA Mean (average) firing t1me
A T Y ‘8.20 seconds -
- 6 8.71 seconds
“.B ) ke e 10.40 seconds

(B) Tab]e VIII

Mean f1r1ng t1me
Tab]e VIII A~

. (day) R R seconds
" fable VIIE B :
(N]ght) o 10.45,seconds

Flgure 2-23 (cont) (V). Mean firing scores for the main effects (V).

T e o 13




(C) Main gun rounds o |

Mean firing tine . j
I1st round 7.49 seconds
2d round 10.71 seconds

Figure 2-23 (cont) (U). Mean firing scores for the main effects (v).

Figure 2-23(B) presents the mean firing tfmes for all tank crews on Table
VIII A and Table VIII B. The values indicate that the mean firing time

for the tank crews was significantly faster during the day cdurse than

during the night course. Figure 2-23(C) presents the mean firing times ]
for all ténk crews on the first round and second round for all targets
day and night. Thg values indicate-that the tank crews fired the first :
round significantly faster than the second round. The companies and Table
Viil interaction was analyzed by a Tukey's (HSD) Test and the mean : 3

scores are presented in figure 2-24.

Table VIII
Company A (day) B {night).
A 7.38 seconds 9.02 seconds
B . 9.25 seconds - - 11.55 seconds
C 6.63 seconds 10.78 seconds

Figure 2-24 (U).. Companies and Table VIII interaction mean firing times (U).

The results revealed that, for a within-company comparison, the mean
firing times for Companies B and C were significantly faster during the ' !
day than during the night (p < .01), while there was novsignificant : A !

difference in the mean firng scores for Cohpany A. Between-company comparisons

revealed that tne mean firing time for Company C during the day, 6.63
seconds, was significantly faster than the mean firing time for Company

B during the day, 9.25 seconds (p <.01). The companies and rounds

interaction was analyzed by a Tukey's (HSD) Test and the mean firing.scores
' 1% i




are presented in figure 2-25.

‘4

; Rounds ] :
Company 1st Round : 2d Round
A 5.58 seconds 10.82 seconds
B 9.24 seconds ‘ 11.75 seconds
C. 7.65 seconds 9.77 seconds

Figure 2-25 (U). Companies and rounds interaction mean firing times (U).

Analysis of the within-company cbmparisons revealed that the mean firing
times (day and night) for Companies A and B for the first round was
significantly faster than their mean firing times for the second round
(p<:.01), vhile there was no significant difference between the mean
firing times for Company C on the first aﬁd second round. Between-
company comparisons revealed that the mean firing time for Company A on
the firsf round, 5.58 seconds, was significantly faster tﬁan‘the mean
firing time for Company B on the first round, 9.24 seconds (p<:.0]).

(e) The relationship between firing times and accuracy scores

“(percent of target hits) was estimated by computing a point-biserial
coefficient of correlation between the measures for each target on

. Table VIII A and Table VIII B for a total of 14 comparisons. HNone of
the 14 point-biserial correlation values were statistically significant.
The results indicated that main gun accuracy for the.first and second
rounds is not influenced by firing time. Figures 2-26 and 2-27 present
plots of accuracy scores for.firing times at 2 second time intervals.
The functions are basically flat across thg firing times falling.in the
gcner&] area of 70 to 80 percent accuracy. Thus the plots show that
main gun accuracy remained about 70 to 80 percent-regardless of what

the firing time was; 1.5 to 17.5 seconds. One interpretation of these

. + 15
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resultg {s tnat the variation in firing time for the first round is due
to crew differences in the times required for the gunner to acquire the
target§'in his sights after target detection by the tank commander. The
variatibn in firing time for the second round represents crew
differences in the time required for the loader to reload the main gun.
Therefore, gunnery accuracy would no% necessarily be directly affected
by differences in target acquisition and ranging, and reloading times.

~ (f) The mean gunnery scores and mean firing times for the companies

.

were compared and are presented in figure 2-28.

Companies Mean Gunnery Score Mean Firing Time

A ' 992 8.20 seconds
c 933 " 8.71 seconds
B 828 10.40 seconds
Figure 2-28 (U). Mean gunnery and firing time scores (U). o

The comparison presents evidence that a positive relation may exist
betveen the scores and firing times.. A faster firing rate is associated
with a higher gunnery sco;e. Analysis of accuracy scores with firing
times, see section 2-3b(4l(e), indicated that slower firing times had no
effect upon accuracy. Therefore, firing time performance must contribute
indirectly to gunnery score by being considered as a measure of crew
performance in the sub-tasks involved in gunnery; namely, the time
required for target acquisition by the gunner in the target hand off

task between the tank commander and gunner, and the fime required for

the loader to reload the main gun.

18




(9) Summary. Tank crews of three companies of a 1st Cavalry

Division M60A1 tank battalion received a standardized gunnery training
program. Table VIII gunnery scores data for these tank crews was then
collected. Main gun scores were compared (analysis of variance) for

the tank companies for both day and night firings, and for both number
of hits and firing times required. Cbmpanies differed significantly
from each other both for targets hit (p < .01) and for firing times
required (p < .001). Since training was standardized, these differences
are attributed to company effects. The precise nature of these effects

is not known and Shou]d be the basis for further research.
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